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Abstract 
The article considers the stages of formation of the concept of stability, as well as the processes and elements that make up the 
concept of "sustainability of construction projects". 
The authors propose to consider stability of construction projects as a reliability cube, each zone of which presents a space part. 
And the solution of the most practical problems requires only several zones, for instance, standard, risk and crisis ones, presented 
in a 3D coordinate system, where the abscissa axis will characterize the engineering stability, the ordinate axis – the functional 
stability and the z-axis - the financial stability. 
This approach allows us to use well-known and convenient mathematical instruments for the calculation of the probability of 
location of the project stability in the i-th state. 
© 2016 The Authors. Published by Elsevier Ltd. 
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Introduction 
One of the main questions in construction is the question of the project stability. The determination  of the 
stability level is usually carried out at the initial stage of construction, but sometimes it is necessary to calculate the 
stability of an existing structure in order to improve its reliability;  the stability analysis here should be rather simple. 
One of the methods of stability analysis for the construction project may be the evolution of its state through the 
stability criteria. 
In order to carry out the analysis of processes and elements composing the notion “construction project 
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stability”, it is necessary to understand both the content and the sense of this term. In general, the stability is a 
process or a phenomenon which is able to resist the oscillations and changes. 
One of the very first definitions of the term “stability” was done by L. Euler in 1749 in connection with the 
stability of ships; therefore L. Euler formulated the notion “stability” as the ability of a ship to resist the oscillations 
and changes. 
Later, when the notion “stability” became applied to solid states, L. Euler noted that the equilibrium of an elastic 
system with given external forces is considered to be stable if the system returns to its initial state after a static 
application of a small disturbing force and the following removing of this force otherwise, the initial state of the 
system equilibrium is considered to be unstable. 
J.L. Lagrange, J. La Salle, S. Levshets, A.M. Lyapunov, I.G. Malkin, A. Poincare, N.G. Chetaev may be 
regarded as the pioneers in the field of development of the notion “stability”. 
The names of J.L. Lagrange, A.M. Lyapunov, A. Poincare are connected with the mathematical stability theory. 
It should be noted that any mathematical stability theory is based on a certain conceptual model. 
The stability model by A. Poincare. Initially the system is in an equilibrium state. Once the system is taken out of 
this state and is let to itself. In case,  when the system tends to return to the equilibrium state, we speak about a 
stable equilibrium. 
The stability theory by A.M. Lyapunov. The mathematical theory of this scientist is based on a wider concept. 
Here the system state is considered to be stable in case when the system after the effects of some initial disturbances 
remains in the vicinity of its equilibrium state, i.e. there is a certain area where a stable system is. 
The stable state by J.L. Lagrange. Here, the notion of stable state disappears, and the definition “system 
stability” has a more uncertain outline. According to Lagrange, a system is considered to be stable in case when 
there is a limited trajectory, and the system must not come out of the limits of this trajectory. J.L. Lagrange didn’t 
provide for the return of the system into its initial equilibrium state.  
In mechanics there is a following definition of the stable equilibrium definition of the stable equilibrium (S.M. 
Targ): “The state of mechanical equilibrium is called stable when a small influence on the system causes a small 
change of its state. Otherwise the equilibrium is considered to be unstable one”. 
Thus, the term “stability” characterizes not only the equilibrium (rest) state of the system, but also the process of 
the system motion – the stability of motion. 
Taking into consideration various approaches to the definition of the stability in different fields of science, we 
may conclude that the stability is the system reaction to external or internal effects, its ability to save itself under the 
conditions of the influence factors, and any definition of this term should take into account the following:  
- The stability is supposed as a certain motion (equilibrium) of the system. It is necessary to understand that the 
stability of a non-disturbed motion of the system and not the stability of the system; 
- the definition of the stability of the stability should include certain motion parameters, with respect to which 
the stability is studied. The equilibrium may be considered to be stable with respect to one group of parameters and 
absolutely unstable with respect to the other group; 
- the stability cannot be described without determination of disturbing effects which are a momentum for the 
deflection of the system from the non-disturbed state; 
- the stability may be studied only within a certain period of time. 
Many Russian and foreign scientists developed stability models for various systems: S.P. Kurdumov, G.G. 
Malinetsky, A.A. Samarsky, P.V. Trusov, J. Andrews, R. Mac-Loan and others. 
However, it isn’t easy to evaluate the engineering safety, the financial reliability and the efficiency of 
construction projects; and the construction of mathematical models for such computations is a labour-intensive 
process. 
In [6], based on the statements from [1-4], the following definition is given: a stable state of the project is the 
state of the building or structure, the functional and engineering characteristics of which correspond to the feasible 
area and the dynamics of their changes does not assume any discrepancies within a certain period of time. 
The aforesaid definition is directed, first and foremost, at the life-support projects in hazardous situations (HS). 
In such situations, a special attention is paid to the importance of life-support projects used by the population as well 
as to the reduction of time period necessary for the prevention of the HS aftereffects and the restoration works. The 
financial aspect of the restoration of stability for such projects is not considered. 
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Main text  
In general, when considering construction projects and their stability, it is necessary to pay attention not only to 
the engineering safety, the functional stability but also to the financial reliability of the project, as sometimes the 
restoration works cost more than the erection of the project. 
Thus, it is necessary to develop an evolution mechanism which will allow us to determine the stability level of 
the building or structure quickly and accurately. Prof. A.V. Ginzburg in his works in the field of reliability of 
construction systems suggested to consider an organization-and-technology reliability of a construction system as a 
reliability cube, each zone of which presents a space part [5]. The scientist revealed that the consideration of 4 zones 
(low, middle, standard and overrated) is quite sufficient for a practical evaluation of the quality of operation of 
construction companies. 
By analogy with that, we can present the stability of a building or structure in the form of a cube and the volume 
under consideration may include practically unlimited set of points which will allow us to evaluate the stability of 
the structure with a very high precision. However, it is necessary to understand that the solution of the most practical 
problems requires only several zones, for instance, standard, risk and crisis ones, presented in a 3D coordinate 
system, where the abscissa axis will characterize the engineering stability, the ordinate axis – the functional stability 
and the z-axis  - the financial stability, correspondingly. 
Fig. 1. Division of the space of stability of a construction project 
It should be noted that the location of the borders of stability zones differs for different types of construction 
projects. 
Summing up the aforesaid, it is necessary to concentrate the attention to the criteria of engineering, functional 
and financial stability in order to provide for the evaluation of a construction project. 
This approach allows us to use well-known and convenient mathematical instruments for the calculation of the 
probability of location of the project stability in the i-th state. 
For instance, a mathematical model of stability of a construction project may be obtained with the help of 
Markovian processes.  
Taking into account the fact that the stability of a construction project is divided into the three constituents, we 
may assume that at any time moment the project may be in one of the following states: 
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0S  - the engineering, functional and financial stability of the construction project are provided for; 
1S  - the engineering and functional stability are provided for, the financial stability is not provided for; 
2S  - the engineering and financial stability are provided for, the functional stability is not provided for; 
3S  - the engineering stability of the construction project is provided for, the functional and financial stability are 
not provided for; 
4S  - the engineering stability is not provided for, the functional and financial stability are provided for; 
5S  - the engineering and functional stability are not provided for, the financial stability is provided for; 
6S  - the engineering and financial stability are not provided for, the functional stability is provided for; 
7S  - the engineering, functional and financial stability of the construction project are not provided for. 
The passages in the system describing the stability of a construction project are described by the graph of states 
presented in Fig.2.  
୧ – the probability of the i-th state of the project; 
ɉ௜ – the intensity of failure of engineering, functional or financial stability under the influence of external and internal factors; 
ૄ࢏ – the intensity of restoration of engineering, functional or financial stability. 
Fig.2. Graph of stability states of a construction project with consideration of influence of external and internal factors
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The mathematical model of the considered system presents the system of the following differential equations of the 
first order: 
                 (1) 
So, the left parts in the equations may be set equal to zero, which gives us a system of linear algebraic equations. 
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      (2) 
This system of 8 equations in 8 unknowns may be solved, but the equations are homogenious ones, therefore 
they determine the unknowns with the precision of up to an arbitrary multiplier. In order to determine the unknowns 
we may use a so-called normalization condition: 
݌଴ ൅ ݌ଵ൅݌ଶ൅݌ଷ൅݌ସ൅݌ହ൅݌଺൅݌଻ ൌ ͳ (3) 
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Conclusion 
 
For the solution of the system of equations describing the stability of a construction project, it is necessary to 
substitute the values of  ɉ௜  (the intensities of failure of engineering, functional or financial stability under the 
influence of external and internal factors) and ૄ࢏ (the intensities of restoration of engineering, functional or financial 
stability). In this connection, at the next stage of studies, it is expedient to consider the elements forming the 
engineering safety, the functional stability and the financial reliability of the construction project and thus 
constituting the stability criteria considered in this paper. 
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